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Malaria transmission occurs both indoors and outdoors, and housing and peri-domestic characteristics 
have been associated with higher risks of malaria. Previous research in Burkina Faso has demonstrated 
that vector density within households varies greatly, though contributing factors are less clear. In the 
context of a cluster-randomized trial in a rural region of southwest Burkina Faso, the associations between 
household structural and behavioral factors with vector density will be presented. General household 
surveys were completed detailing the external housing characteristics of wall and roof materials, number 
of individual sleeping rooms, number of individuals in the household, and ITN use. All enrolled 
households in 14 clusters were included [n=556 households with a median of 39.7 households per cluster, 
a median of 308 individuals per cluster (n~4314 total individuals), and 7.8 individuals per household]. 
Following the general survey, three clusters were randomly chosen from the intervention arm and 3 from 
the control arm for cross-sectional sampling, with four households chosen on two perpendicular transects 
(8 total) in each cluster based on them being either centrally or peripherally-located (n=48 total 
households). A more detailed survey was completed detailing the characteristics of each individual 
sleeping rooms as well as the household. There was a median 2.3 (range 1-3) sleeping rooms per 
household. In order to explore associations of indoor vector density with housing and inhabitant 
characteristics, biweekly mosquito vacuum aspirations were conducted in the early mornings during the 
rainy season in each of the individual rooms of the 48 cross-sectional households. Results showed that the 
primary materials for walls was earth (61.3%) or cement/plaster (34.4%) while roofs were thatch (88.3%), 
straw (6.1%) or earth (4.9%). There was a median of 4.9 (range 2-6) ITNs per household (1.6 individuals 
per net per household). A more detailed analysis will be presented to highlight potential household 
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Malaria is highly seasonal in Burkina Faso, with the mosquito density peaking between June 
and October. Many factors are associated with household vector density, and recent evidence 
supports an important role for housing structure in determining malaria burden for individuals 
living in those households. Such studies are lacking in Burkina Faso. In the context of a 
cluster-randomized intervention trial of ivermectin MDA, we will investigate the following 
aims:  
 
Aim 1: Assess the association of household structures with malaria incidence in children 
under 10 years of age during the transmission season. We hypothesize that there will be 
higher incidence in homes with mud/dirt walls and floors as compared to those with other 
walls and floors. We also hypothesize that there will be higher incidence in homes with open 
eaves or unscreened windows. Detailed information will be collected describing the housing 
characteristics of each concession enrolled in the parent trial. Data will be associated with 
incidence data that is being collected during the parent trial. 
           
Aim 2: Assess the association of housing structure and household human demographic 
and behavioral factors with vector density. We hypothesize there will be an increased 
vector density in sleeping houses with structures noted in Aim 1, as well as those that have 
more adolescent residents. Indoor aspirations of mosquitoes will be conducted weekly in the 
chosen cross-sectional study concessions as a part of the parent trial, and data will be analyzed 
with detailed demographic data collected by survey.  
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Through these aims we will be able to provide information to the scientific community about the 





Life cycle: Malaria is caused by many factors, each in concert with the Plasmodium parasite transmitted 
from human to human through the bite of the Anopheles mosquito vector. For transmission to occur, the 
mosquito must feed on two human hosts, which they most often do at night and in human dwellings 
while the hosts are sleeping. The first person must be infectious to the mosquitoes, whereby the 
gametocyte forms of the parasite are circulating in the blood stream and the mosquito must take up the 
gametocytes within its bloodmeal. Parasite fertilization must then occur within the midgut, and the 
ookinete form must traverse through the midgut and begin to develop into an oocyst. During this initial 
mosquito-infection process the mosquito is digesting its blood meal and often rests for long periods of 
time on the walls or ceiling near where they fed.18  Over the next 10-14 days, the oocyst develops and 
ruptures, and sporozoite forms spill out and must subsequently invade the mosquito’s salivary glands 
(Figure 1).18,24. The mosquito will likely blood feed other humans in the same or nearby houses during 
this time, while developing and laying multiple egg batches in nearby water habitats, but it remains 
unable to transmit the parasite. Only after the 10-14 day extrinsic incubation period, when the sporozites 
invade the salivary glands, does the mosquito become infectious. Transmission is complete once this 





Figure 1: Life cycle of the Plasmodium parasite23 
 
Epidemiology: In 2018, there was an estimated 228 million cases of malaria globally and 405,000 
estimated deaths30 with 93% of these cases occurring in sub-Saharan Africa (SSA).30 While there have 
been observable reductions both in incidence and deaths due to malaria in the last decade from 71 to 57 
per 1000 persons at risk, that reduction has slowed and nearly plateaued at 57 since 2014.30 Still more 
needs to be done to protect the most vulnerable of populations: children.13 
 
In Burkina Faso specifically, malaria is the second leading cause of death and is responsible for about 
10% of total deaths annually.19,30 It has some of the highest transmission intensities in the world, as 
assessed by the entomological inoculation rate (EIR)14 and there has been limited decrease in endemicity 
of the disease that has been observed in other SSA countries.14,30 The most prevalent species of parasite 
is Plasmodium falciparum, with less than 20% being Plasmodium malariae (13.2% parasite prevalence) 
or P. ovale (1.8% parasite prevalence).10  A high proportion of persons living in rural, underdeveloped 
villages in endemic areas are infected with the malaria parasites throughout the year, but transmission is 
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highly seasonal, beginning with the onset of the rainy season and a subsequent dramatic increase of the 
malaria vector population3.  As such, the burden of clinical disease rests mostly on children ≤ 5 years of 
age who have not developed adequate immunity.26 However, in coming years there may be an 
observable shift in burden towards older children due to early-life focused prevention like ITN use and 
seasonal chemoprevention for children under five children that will lead to older children having weaker 
built up immunities to the parasites.17 In the southwest, clinical incidence is between 2-4 episodes per 
child per year.25 Clinical incidence in this age stratum spikes at the onset of the rainy season, likely due 
to a sharp increase in transmission events of new parasite clones accompanying the rise in mosquito 
populations at the start of rains.15 
 
Risk factors: There are many factors that contribute to an individual’s risk of malaria that range from 
biological factors like immunity, age and underlying health status of the hosts to environmental heath 
factors like precipitation and altitude to human related factors like socioeconomic status and ITN use21 
(Figure 2).20 These factors can also affect the vector density in areas, which in turn also affects the 
malaria infection rates. Household structures are an important human related factor that includes 
building materials of the roof, walls, and floors, availability of electricity, and the presence of older 
children in the house.2,6,20 
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Figure 2: Biological, Environmental, and Human Related Risk Factors to Malaria20 
 
Building materials have repeatedly been associated with the risk of malaria in children as definitive 
socio-economic status factors. A recent Ugandan study showed that the factors most closely related to 
risk of malaria in children were main wall and main floor materials.21 The wall materials ranged from 
mud with poles and stones to “finished” walls which consisted of some use of cement; floor materials 
mainly consisted of dirt/earth, while a fifth had “finished” floors consisting of tiles, cement, stones and 
or bricks.21  
 
The use of ITNs is an important factor when looking at risk factors as it the ITN has been the most 
useful preventative tool to date in the fight against malaria.30 In a Kenyan study, more cases of malaria 
were documented in homes without ITNs than in those with.6 In Uganda, a study showed that 96% of 
households had at least one ITN with 76% of children having slept under it the night before, an increase 
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from a previous study of just 64% of homes having an ITN and only 32% of children utilizing their 
protection.21 
 
Other studies focused on the overall design of the homes. In one Ethiopian study, not having a separate 
kitchen correlated to an increased incidence of malaria,9,20 while another study in Kenya showed that 
cooking inside the house correlated to a decreased vector density in the residence.6 In Uganda, malaria 
incidence was compared in traditional homes and in modern homes by categorizing the two based on 
building materials generally finding lower incidence rates in the modern homes.28 Other studies in 
Tanzania compared vector densities in houses based on quintiles of house quality-ranking determined by 
various building materials and aspects of the homes finding those in the lowest quintiles had 
significantly higher densities.13 In Ethiopia “poorly built” homes increased risk as well to inhabitants.20 
Factors like keeping livestock inside the homes increases risk of malaria, as does having open eaves on 
the homes.6,20 
 
Yet others looked at location and broader factors. In Malawi, a study looked at a more urban setting, 
finding that there were fewer cases of malaria the closer the distance to the urban center the house was, 
but if there was any “small scale agriculture” then incidence increased.5 Another risk factor study 
showed the increased risk of homes near standing water of possible breeding sites, especially in farming 
communities,20 like occur in Burkina Faso. Each of these studies varied in data collection and analyses.  
 
 
Rationale: Such descriptive risk factor studies, in general, are much fewer in comparison in West Africa. 
The environments of east and western Africa are very different. The average temperature is warmer in 
Burkina Faso (28.25°C as opposed to 17.85°C in Rwanda)32 than most east African countries, with 
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lower altitude (average elevation of 984 ft as opposed to average elevations between 3,700 ft and 5,500 
ft for Uganda and Rwanda).2,31 The increased temperature is an environmental factor associated with 
vector density and malaria incidence, which is one important reason to conduct similar studies in West 
Africa (Figure 2).  
 
Burkina Faso is unique in their housing structures living in what are called “concessions” households. A 
household could be a single-family unit with a single sleeping room, or it could be comprised of 
multiple family units, extended families, grandparents, etc., with multiple sleeping rooms8 (Figure 3). 
Each household typically includes one or more sleeping houses, grain storage buildings, and other 
structures. Each sleeping house will have a variable number of individuals, with different ages and 
genders. The household can be made up of various housing materials (see Appendix A).  
 
  
Figure 3: Diagram of Concession/Household and Sleeping rooms: A household may consist of multiple 
connected or separate sleeping rooms. In this study a household will refer to a whole family unit or 
structure, while sleeping room will refer to a single structure as identified here.  
 
   
This study will be measuring several household factors that have been mentioned above, but also 




on pregnant women and children under five in prevention of malaria, it has been documented that older 
children, age 5-15, play a large role as human reservoirs.2 The average number of bites a person receives 
from a mosquito varies greatly, but is highly influenced by behavior.11,28 In areas with high bed net 
coverage, older children and adolescents have the lowest coverage rates.26 Typically, this age group is 
relatively active and unprotected at night during biting hours as well. Other studies have shown that 
mosquitoes prefer adults, which is thought to be associated with higher weights and body surface area, 
and possibly body temperature and chemical cues that change with age.27 Another study has 
demonstrated the importance of the skin microbiota on attractiveness of the human to the mosquito: 
those with a higher abundance, but lower diversity of bacteria are more attractive to Anopheles 
gambiae.27 The combination of these factors, plus an increased build-up of immunity, as compared to the 
smaller children, results in older children and adults being relatively more important as reservoirs for the 





Overview: Leveraging an ongoing clinical trial, we conducted a household sub-study in southwestern 
Burkina Faso. Every concession enrolled in the study in the 14 clusters was surveyed about general 
housing materials and insecticide-treated net (ITN) usage. In a cross-sectional sampling of eight 
concessions in six of the clusters (three from the intervention group, three from the control group of the 
parent trial), detailed household structural information and detailed behavioral and demographic 
information of the residents and individual sleeping rooms were collected. General household structural 
information from every household will be analyzed with malaria incidence rates gathered by the parent 
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trial during weekly visits by the study team nurses. The detailed behavioral and demographic 
information will be analyzed with vector density rates, collected by the parent trial by indoor aspirations 
for mosquitoes, within the individual sleeping rooms of each of the cross-sectional concessions.   
 
Parent trial design and objectives: Repeat Ivermectin Mass Drug Administrations for MALaria Control 
II (RIMDAMAL II) is a cluster-randomized placebo-controlled trial conducted in southwestern Burkina 
Faso over two consecutive rainy seasons and designed to integrate repeated high-dose ivermectin MDA 
(the intervention) into the regular, monthly SMC delivery platform and with other existing malaria 
control methods conducted in the clusters Fourteen clusters were recruited to participate in this double-
blind, parallel-assignment trial with two arms randomized in a 1:1 ratio. Ivermectin is a well established 
drug used in MDAs for controlling neglected tropical diseases like lymphatic filariasis and 
onchocerciasis.4 The use of ivermectin in African villages has suggested the drug can temporarily alter 
population of malaria vectors by reducing the proportion of sporozoite-infected adult mosquitoes.1,33 
The intervention is predicted to primarily reduce the survival of biting Anopheles mosquito vectors, 
which will reduce Plasmodium transmission. Since children suffer a high burden of malaria due to the 
inadequate immunity they have developed against repeated Plasmodium infections, reduced 
Plasmodium transmission is expected to reduce malaria incidence in the child cohort. The hypothesis is 
that IVM MDAs coinciding with SMC rounds will significantly reduce the incidence of malaria in 
children compared to the standard malaria control interventions currently conducted [four SMC rounds 
to 3-59-month-old children, high ITN coverage, and intermittent preventive therapy in pregnancy 
(IPTp)]. Concessions were enumerated and GPS mapped at the time of study enrollment, which 
occurred between late June and early July 2019. 
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Ethical review and consent: The parent trial, the sub-study, the informed consent documents, and 
participant case report forms were reviewed and approved by the Internal Review Board at Colorado 
State University, Yale University, and the Comité d’Ethique d’IRSS. Any amendments to the protocol 
or consent materials were also approved before they were placed into use. 
 
Community consent/assent (oral) was first be obtained by public meetings with local village chiefs and 
elders during the recruitment phase where the study was explained to them.  Following this, in the 
enrollment period, individual consent/assent (oral) through a public meeting with village heads-of-
households was obtained and at the end of the meeting written informed consent was obtained from each 
head-of-household who chose to have their family participate. Lastly, witnessed informed consent was 
obtained from each person in orally-consented households by going door-to-door to households. The 
informed consent discussion was in the appropriate language for the adult or the parents/guardians; 
translators were used if necessary.  
 
Any participant may withdraw their consent at any time throughout the course of the study, and 
this was made clear in the informed consent process. All individuals were informed that there is 
no requirement to join the study and that the standard medical care they might have through the 
Community Health Workers (CHWs) and the local health district will remain the same 
regardless of study enrollment.  In accordance with the IRSS Comité d’Ethique, the head-of-
household was given a study information sheet explaining the study, as well as a head-of-
household consent statement to read and sign. 
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Study Site:  Fourteen clusters were chosen distally around the city of Diebougou in the southwest (Sud-
Ouest) region of Burkina Faso. This region historically has been highly endemic with intense 
transmission during the rainy season (June-October). With one of the highest endemicities in the world 
as assessed by the entomological inoculation rate (EIR) (Figure 4), the area has seen a recent plateauing 
and slight increase, even, in cumulative clinical cases of malaria over the last few years (Figure 5). 
Residents of this area stem from different ethnic backgrounds, and many spend their day and earn their 
household income from rearing livestock or as farmers. Clusters were chosen with adequate distance 
between them to prevent migration of mosquitos between control and intervention clusters.  
 
 









Household Surveys: Two surveys were completed as part of the sub-study.  
General survey. The first survey was collected by nurses and study team individuals and targeted every 
household enrolled in the parent trial (n=556). The goal of the general survey was to determine any 
associations with general building materials and malaria incidence in the clusters. This general survey 
detailed the external characteristics of the housing materials of the roofs and walls. This survey also 
categorized the number of individuals residing in the household, the number of sleeping rooms, number 
of ITNs within the household, and detailed information on the age and use of the ITNs (see Appendix 
B). This data will then be analyzed with incidence data of children under 10 taken from the ACD cohort.  
 
Cross-sectional survey. The second survey was performed by the entomology team and other 
individuals on the study team. The goal of the cross-sectional survey was to characterize in 
detail the individual sleeping rooms of the cross-sectional households (8 households in 6 
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clusters for a total of n=48 households) and the individual social and behavioral demographics 
of each resident of these cross-sectional households (see Appendix C). Importantly, data from 
this survey will be associated with the vector density data that was collected using aspirations 
completed by the entomology team.  
 
In order to determine the cross-sectional households for the sampling, six clusters were 
randomly selected, three of the intervention group of the parent trial and three of the control 
group clusters, by the unblinded study pharmacist only so as to keep the clusters blinded to the 
remainder of the study team. Using an estimated boundary of the clusters, a map was drawn to 













Households were chosen as close to the bisecting intersections as possible for the cross-section 
sampling. The cross-sections were not perfectly aligned, but fit best to the shape of the cluster. 
 
Entomology: The entomology team worked to collect mosquitoes biweekly during the months of the 
parent trial MDA from each sleeping room of the selected cross-sampling households. Collection of 
indoor-resting mosquitos occurred from 5-9 AM each day of sampling via vacuum aspiration. We used 
battery-powered Prokpak field aspirators, which have extensively been used by the entomology team 
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during previous studies. Wild, blood-fed, indoor-aspirated, Anopheles were held in cages separated and 
labelled according to the household and sleeping room from which they were collected. The density 
rates per room over the study time were calculated. A portion of the blood fed samples were then scored 
for survival rates over time, while the remaining were immediately killed with cold, speciated, analyzed 
for age structure variables and bisected into the head+thoracies and abdomens, which were separately 




Parent Trial Recruitment: Malaria-endemic clusters in southwest Burkina Faso that participated in SMC 
in season 1 of the study were recruited to participate. All eligible cluster residents were asked to enroll, 
which encompasses people of all ages and genders and reproductive capability, and small to medium 
size clusters ranging between 200-500 people were recruited. When possible, we attempted to choose 
clusters that have distinct boundaries and non-populated buffer zones of agricultural fields or bush land 
surrounding them in order to minimize mosquito movement between control and intervention clusters 
and between study and non-study clusters. 
 
We attempted to enroll all inhabitants of selected clusters who the leaders and majority of cluster heads-
of-household first gave their verbal consent to participate in the study.  Every enrolled household from 
the parent trial was then surveyed for the general household survey. Inclusion criteria were 1) residence 
in selected study cluster and 2) ability to understand the information and willing to give consent or 
assent (age 12-18) and parent/guardian consent if study participant age is < 18 years of age. 
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For Aim 2, incidence data will be generated from individuals enrolled into the active case detection 
(ACD) cohort. The household sub-study will leverage the incidence data collected from the ACD cohort 
in conjunction with the data collected from the general household survey to determine risk factors.  
All children who live in the selected and verbally-consented clusters in our active case surveillance 





Table 1: Inclusion and Exclusion Criteria of ACD Cohort of Parent Trial 
Inclusion Criteria Exclusion Criteria 
Residence in selected study cluster Residence outside of study area 
≤10 years of age Permanent disability, serious medical illness that 
prevents study participation Parent/Guardian Consent 
 
Follow-up of study participants: Active case surveillance was conducted by study nurses visiting each 
enrolled ACD cohort child at least weekly following the start of the first MDA and ending 30 days 
following the last MDA of the season. At each visit, the nurse recorded patient information in the CRF, 
measured axillary temperature, and took a blood sample (for the RDT, slide and filter paper) if their 
temperature indicated a fever or they had a history of fever in the last 24 hrs.  All episodes of malaria 






 Table 2: Criteria for Uncomplicated and Complicated Malaria Diagnoses 
Uncomplicated malaria  
(all of the following must be present) 
Complicated malaria 
(any of the following present) 
Fever (> 37.5°C) or history of fever in the  
      previous 24 hours 
Evidence of severe malaria and parasitemia   
Positive RDT Parasite density > 500,000/µL* 
Absence of complicated malaria  
 
* Note that clinical decisions are made by RDT. However, if a nurse/doctor requested a blood smear to 
be read urgently, this was performed. If the parasite density was above this threshold in this instance, the 
participant was treated as having severe malaria.  
 
Artemether-lumefantrine (AL) was administered to all children with uncomplicated malaria cases, while 
complicated malaria cases were referred to the nearest district hospital to for treatment with either 
intravenous quinine or artesunate. Blood was also preserved on slides and filter paper for later analysis. 
Any other treatment (e.g., paracetamol) was in consultation with the study physicians. 
 
In addition to the active case surveillance by the study nurses, entomology teams periodically sampled 
mosquitoes from households in the cluster during the rainy season, and members of the parasitology 
team or the nurses took a finger blood sample from all cohort children and a subset of enrolled adult 
participants at cross-sectional time points each season. 
 
Statistical Analysis: All CRFs and survey data were entered into the REDCap platform for use by the 
study team. Data was downloaded into an Excel database that was uploaded into SAS software for 
analysis. General and detailed characteristics of the clusters will be assessed for trends to determine the 
percentages, medians and ranges of the various characteristics within each of the selected clusters, and 
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as a whole. Incidence data from the parent trial will be available for the first transmission season, but 
will remain blinded with respect to intervention arm until the completion of the second rainy season. 
Household structure variables will be examined in relation to incidence rates of malaria in children 
under 10 years using both T-tests and ANOVAS. Using the same platform (REDCap) for the detailed 
housing characteristics of the cross-sectional sampling, the database will be uploaded to SAS to perform 
logistic regressions to determine associations with vector densities of the individual sleeping rooms.  
 
Pending data collection: At the current time, not all of the data needed to complete the analyses 
proposed was available. The analysis will continue as planned to determine the associations of 
the detailed descriptive characteristics of the sleeping rooms with the vector densities found from 
the entomological samplings throughout the parent trial. The general household characteristic 
data will be used to determine associations with household risk factors and malaria incidence 




General Household Survey: 
Census: For the completion of the general household survey, all enrolled households in 14 
clusters were included [n=556 households with a median of 39.7 households per cluster, a 
median of 308 individuals per cluster (n~4314 total individuals), and 7.8 individuals per 
household]. The descriptive results of the general survey are presented in Table 3.  
 
Ethnicity: A variety of ethnic groups and housing materials were documented. Of the 556 
households surveyed, 46.22% of total households were Birifor represented in 7 of the 14 clusters, 
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the most widely dispersed, followed by 23.20% of households being of the Dagaris ethnic group 
found in 5 of the 14 clusters, and 21.94% from the Djan ethnic group found in 6 of the 14 
clusters. Peulh (4.14%), Lobire (3.96%), Mossi (0.36%), and Bwaba (0.18%) were also 
represented in the households.  
 
Building materials: When surveyed, the wall material most used among the 556 households was 
earth (mud or clay) at 61.33% of total households followed by 34.35% of households being built 
with cement or plaster. Others were built with brick (2.34%) or corrugated metal (1.62%) as the 
wall material. There was less variability in the roofing material of choice as an overwhelming 
88.3% of households had roofs constructed from thatch. Other materials used were straw 
(6.12%), earth (4.86%), cement or plaster (0.36%) and wood (0.18%).  
 
Sleeping rooms: Households were surveyed for sleeping rooms and the number and identity of 
individuals residing in them. Overall, there was a median of 2.33 sleeping rooms per household 
(IQR 1-3 sleeping rooms). There was a median of 7.76 individuals per household (IQR 4-10 
individuals). Resulting in a median of 3.33 individuals per sleeping room.   
 
Protective Practices: The survey then looked at human-related factors like the use of indoor 
residual spraying (IRS) and ITN use. No household reported having IRS completed in the last six 
months at the time of the survey completion. A mass distribution of ITNs was completed from 2-
4 weeks before the completion of this survey, in October after the final ivmerectin MDA of the 
rainy season. Despite the nation-wide distribution, 15 households (2.7%) reported not having an 
ITN in the household with no further information on why they had not received new ITNs at the 
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time. Of those households that did reporting having an ITN, 51.8% of households reported only 
using the new ITNs from the recent distribution, 44.6% of households reported using both the 
old and new ITNs at the time, and 0.9% reported only using old nets.  
 
There was a median of 4.85 ITNs reported per household (with a total including those with no 
nets) [IQR 2-6 nets per household]. With a median of 7.76 individuals per household and a 
median of 4.85 ITNs per household, there was a median of 1.6 individuals per net per 
households. Overtime, the efficacy of the ITNs decreases and most countries have a new net 
distribution every 3 years. Of the 556 households surveyed, 41.59% of households reported using 
an ITN that was three years old or more, 3.51% of households reported using an ITN that was 
between 1 and 12 months old, and 54.9% of households reported using a net that had been 
received in the last month. 
 
Table 3: Descriptive characteristics of all households of general household survey 
 
 
































Ethnicity [n (%)]                
     Mossi    1 (2.38)  1 (1.75)         2  
(0.36) 




          23  
(4.14) 
     Dagaris    12 
(28.57) 










     Lobire          22 
(100) 
    22 
(3.96) 










1 (2.38)   45 
(100) 
  257 
(46.22) 
     Djan 36 
(100) 




 2 (2.70) 2 (4.26)   24 
(100) 
   122 
(21.94) 
     Bwaba    1 (2.38)           1  
(0.18) 
Wall Material [n 
(%)] 
               
































































 8  
(14.04) 
1 (1.35) 1 (2.13)  1  
(4.55) 
    13  
(2.34) 






 3  
(5.26) 






   9  
(1.62) 
Roof Material [n 
(%)] 
               





























     Cement/Plaster     1 
 (3.33) 
        1  
(2.22) 
  2  
(0.36) 






        34  
(6.12) 
     Earth 5 
(13.89) 




  10 
(13.51) 






 27  
(4.86) 
     Wood           1  
(4.17) 
   1  
(0.18) 
Sleeping rooms per 
household  
(n [min, max, IQR]) 
2.64  
[1, 6,  
2-3] 
1.77  
[1, 5,  
1-2] 
2.53  
[1, 6,  
1-3] 
2.21  
[1, 5,  
1-3] 
2.94  
[1, 9,  
2-4] 
2.46  







[1, 8,  
1-3] 
2.36  
[1, 7,  
1-3] 
2.04  
[1, 7,  
1-2] 
1.91  






[1, 6,  
1-2] 
2.33  
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(0.90) 
     New and old nets 25 
(69.44) 
































  1  
(2.38) 




 15  
(2.70) 
Nets per house  



































[0, 28,  
2-6] 
Age of oldest net  
[n (%)]2 
               



























1-12 months    3  
(7.32) 
 6  
(10.71) 








  19 (3.51) 





























1New nets refer to mosquito nets received within the last month prior to the survey 
*Not all percentages may add up to 100% due to calculation rounding and incomplete data 
collections.  
2Percentages are found from the total of households reported having an ITN (n=541) 
 
 
Cross-Sectional Household Survey:  
Breakdown: For the completion of the cross-sectional detailed survey, six of the 14 clusters were 
randomly selected by the parent trial for entomological collections. In these clusters, eight 
households were selected based on the bisecting intersections previously described for a total of 
48 households described. This totaled 110 individual sleeping rooms and 334 individuals 
surveyed. These descriptive results can be seen in Table 4.  
 
Ethnicity: Of the detailed surveys, less variability was seen in the ethnic groups represented. Of 
households surveyed, five of the six clusters were only represented by one group, while the sixth 
cluster was comprised of three different ethnic groups. In total, 45.8% of households were of the 
Birifor ethnic group, 35.4% Dagaris, 16.7% Lobire and 2.1% Mossi.  
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Building Materials: Building materials were detailed for each individual sleeping room during 
the cross-sectional surveys. Walls were built with either earth (73.6%) or cement/plaster 
(26.4%). Thatch roofs were majorly predominant (95.5%) with earth comprising 3.6% of roofs, 
brick and wood comprising 1.8% each, and cement/plaster used for one single sleeping room 
(0.9%). Like the walls, floors were composed of either earth (80.0%) or cement/plaster (20.0%).  
 
Sleeping Rooms: There was a median of 2.46 sleeping rooms per household (IQR 1-3) and a 
median of 2.84 individuals per sleeping room (IQR 1-4). There was a median of 1.47 ITNs per 
sleeping room (IQR 1-2) resulting in there being one ITN in a sleeping room per every 1.93 
individuals in that sleeping room. This is important as the WHO recommends there being one 
ITN per every two individuals in order to achieve adequate coverage.  
 
Windows: Of the 110 sleeping rooms surveyed, only 2 (1.8%) did not have windows. Of the 
remaining sleeping rooms that reported having windows, all windows were able to be closed 
when chosen to, none of the windows, however, had screens on them nor were any sealed from 
the outside to prevent entrance of mosquitoes around the sides of the windows.  
 
Food and Water: Similarly, there was no variation among the sleeping rooms in regards to eaves, 
with all reporting closed eaves. All of the sleeping houses reported their main source of water 
was the local pump during both dry and rainy seasons. Three sleeping rooms (2.7%) were 
identified as having indoor kitchens where they primarily cooked. Of the 110 sleeping rooms, 7 
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(6.4%) reported having electricity in the sleeping rooms at night and 2 of them used an electric 
fan during the night (1.8%).  
 
Individuals: The survey also collected individual data on the residents of these 48 households, 
for a total of 334 individuals. Of these individuals, 86.5% of these individuals’ mothers did not 
have any schooling, while 4.2% of their mothers had some schooling, and just 2.1% of their 
mothers had graduated high school, with 7.2% unsure about the education status of their 
mothers. Individually, 56.5% of the residents surveyed had no education, while 25.4% had some 
schooling and 8.7% had graduated high school, with 9.3% of the individuals under the age of 
being enrolled in school. Of the individuals, 34.1% reported no occupation (which includes 
children under school-aged), 28.1% were students, 24.3% were homemakers or caretakers, and 
13.2% were farmers with a single nurse (0.3%) among those surveyed.  
 
 
Table 4: Descriptive characteristics of households of cross-sectional household survey 
 
Characteristics [n (% 
as identified)]* 
Clusters Total* 
Totals KS TG SG DB DL KP  
     Households 8 8 8 8 8 8 48 
     Sleeping rooms 14 19 11 24 17 25 110 
     Individuals 41 60 37 68 58 70 334 
Ethnicity  
[n (% household)] 
       
     Mossi 1 
(12.5) 
     1  
(2.1) 
     Dagaris 1 
(12.5) 
 8  
(100) 




     Lobire    8  
(100) 
  8 
(16.7) 








Wall Material  
[n (% sleeping rooms)]* 
       




























Roof Material         
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[n (% sleeping room)]* 














     Cement/Plaster   1  
(5.3) 
    1  
(0.9) 
     Brick   2 
(18.2) 
   2  
(1.8) 
     Earth 1  
(7.1) 




  4  
(3.6) 
     Wood 1  
(7.1) 
 1  
(9.1) 
   2  
(1.8) 
Floor Material  
[n (% sleeping room)]* 
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Individuals per sleeping 
room 






















ITNs per sleeping room 























[n (% sleeping rooms)] 
       
    No windows   2 
(18.2) 
   2  
(1.8) 
Kitchen  
[n (% sleeping rooms)] 
       
     Inside 2 
(14.3) 
 1  
(9.1) 
   3  
(2.7) 














Electricity at night  
[n (% sleeping rooms)] 
2 
(14.3)  
0 0 3 
(12.5) 




Use of fan at night  
[n (% sleeping rooms)] 
1  
(7.1) 




Mother education level  
[n (% individuals)] 
       






































     High school graduate 7 
(17.1) 




[n (% individuals)] 
       


















































In the general survey and cross-sectional survey results we saw some variety in housing 
materials of the roofs and walls. The difference between the various materials affects both vector 
densities in the individual sleeping rooms which affects the malaria incidence rates (see Figure 
2). The different ethnic groups also will allow us to look at if there are possible biological 
difference that allow for more susceptibility or immunity by one group of people over another.  
One of the most effective tools in prevention of malaria transmission has been the use of 
insecticide treated nets (ITNs). The WHO recommends that families and homes in malaria 
endemic areas, in order to be adequately covered, should have enough nets to cover two people 
per net.30 According to the general survey, the enrolled clusters have a median of 1.6 individuals 
per net per household. In the cross-sectional survey, we had a rate of 1.93 individuals per net per 
sleeping room, which is a little lower coverage than per household, but is still beyond the 
recommended guidelines of coverage, which is very encouraging as the use of nets is a very 
effective preventative tool when used.  
Most countries that participate in national net distributions, like Burkina Faso, have them 
every three years, as that is when the nets become less effective. The 2019 net distribution was 
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     Nurse 1  
(2.4) 
     1  
(0.3) 





























unique, however, as it rolled out a new type of net—the Interceptor G2 net, a dual insecticide 
net. Recently there has been evidence of pyrethroid resistance, the most common insecticide 
found in ITNs, among the Anopheles in our study area, and these new nets are the first attempt at 
a “resistance breaking” ITN distribution.34 From the general study, we know that 51.8% of 
households reported only using the new ITNs from this recent distribution, 44.6% of households 
reported using both the old and new ITNs at the time, and 0.9% reported only using old nets. We 
would expect, in the second year of the study, to see fewer cases of malaria in those using solely 
the new nets than in the households using both old and new, just old, or those not using a net at 
all. Because the distribution was conducted at the end of the first season of the parent trial, this 
data will be used when looking at the incidence rate from the second year.  
In the cross-sectional survey, we wanted to look specifically at what other housing 
characteristics may affect vector density. One of the characteristics we chose to look at was 
whether or not the sleeping rooms had open eaves. Open eaves would allow for mosquitoes to 
enter the sleeping rooms, but zero sleeping rooms reported having open eaves. We also wanted 
to look at the affects that different windows may have on vector densities. While there were a 
few sleeping rooms that did not have any windows, nearly all of them did, but there was no 
variation in the reported types of windows. All were able to be closed, none of them had screens, 
and none of them had been sealed around the outside to prevent entry around the edges. No 
variation in these characteristics will not allow us to make any associations.  
All of the cross-sectional homes received their water from the cluster pump in both rainy 
and dry seasons. Detailed information was not collected about how often, or what kind of storage 
container was used, but we plan to look at that in the second year to hope for some more 
variation between households and sleeping rooms.  
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None of the sleeping rooms in the cross-sectional survey reported livestock sleeping in 
the sleeping rooms. This is important to note if in the vector analysis we find species of 
Anopheles that are indiscriminate blood feeders who also would feed on other animals, but 
because none were reported we can assume that all mosquitos collected who had recently fed 
were from human feedings.  
When comparing the education levels of the mothers of the enrolled participant and the 
participants themselves was very interesting. It’s encouraging to see a growth in the number of 
individuals who are enrolled in school or have some sort of education. Along with education, 
occupation will also be analyzed. There is a good variation in percentage of individuals who 
work in the field per cluster that may be significant when analyzing vector density.  
 
Limitations and Obstacles:  
Because of unforeseen circumstances due to the threat of terrorism in the country, I was not able 
to travel to Burkina Faso in the summer of 2019 in order to conduct the surveys as planned. 
Instead working remotely with the study team over months, the surveys were delayed multiple 
times. The surveys were sent to the study team in November to be conducted, scanned and 
emailed back to myself to upload onto the online data platform RedCAP. There was no official 
training on the survey forms, or how to best complete them or clarifications on what the 
questions were asking, as it was translated from English to French mostly using Google 
Translate and not a native speaker. Because of this, there were some misunderstanding between 
what was being asked and what were the actual intentions of the question. This was a lesser 
problem for the general survey than for the cross-sectional survey. Once the scanned copies were 
received, myself and members of the surveying team had a conference call to clarify any illegible 
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responses to make sure they were correct, which could have opened up the survey to some recall 
bias as it was more than a week after the surveys were scanned, and even more time since the 
team had been in the field.  
 For the cross-sectional survey, however, the paper survey was not well understood, and 
without training or discussing it with the team before conducting the survey, there were many 
problems with the data collected, including missing data of some of the most important variables 
like sleeping room ID and room characteristics of building materials. It was decided that the 
team would go back to the field to reconduct the survey, but this time collecting data on tablets 
linked to REDCap directly. The survey was edited for language by a native French speaker and 
uploaded. The team then went back into the field and conducted the survey a second time. This 
time, however, we faced technical difficulties. Of the 6 tablets used, only 2 had been updated to 
reflect the edited survey, so the data on the remaining 4 were unsuccessful in uploading, required 
transposing the data to paper copies, and then again being scanned and emailed to myself. There 
were still too many missing important variables for an analysis, and the team had to go back to 
the field a third time to collect the remaining sleeping room IDs. This process continued until 
mid-April before all of the required data was collected. Due to the time lapse between the parent 
trial and the surveys, there is a lot of room for bias in the responses of the surveys.  
 
Future Plans 
At this time, the data to complete the planned analysis for malaria incidence nor vector density 
was collected with enough time to complete the data and provide a well-crafted analysis. The 
next steps of this project are as follows: 
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For Aim 1: Incidence data will be calculated by the parent trial to determine both incidence rates 
per cluster, but also per child enrolled in the ACD cohort. These rates will be analyzed with the 
data collected from the general household survey, including by cluster, by housing material, and 
by effective number of ITNs within the household.  
 
For Aim 2: Vector density data will be calculated from the available collection data. This will be 
cleaned and grouped per sleeping room per visit. Density data will be analyzed per cluster and 
per sleeping room with plans to not only look at the discrete density, but to also analyze the 
species of mosquitoes and whether those collected were blood meal-seeking or not (those that 
had recently fed on a human).  This data will be analyzed with the characteristics of the cross-
sectional household survey so as to be able to match densities with characteristics of the specific 
sleeping rooms where they were collected.  
 
As the parent trial is an on-going clinical trial, we plan to repeat the surveys during the second 
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Appendix A: Images of Concession (Household) Structures and Building Materials 
Photographs taken by Dr. Sunil Parikh  
 
Concessions are similar to 
compounds and can be made up of 
multiple family units, single 
families, siblings, extended 
families, grandparents, children, etc. 
Concessions will typically have 
multiple sleeping rooms for the 
various family units. Most 
structures are made from local 








Some concessions have the sleeping 
units connected in one larger unit, 
while others have separate sleeping 
rooms as entire entities in close 
proximity. Some concessions use 








These metal roofs allow water to 
flow easier off of the roofs while 
raining to collect the water for later 
use. Most cooking is completed 
outside above open fires, and some 
will have doloterias like this one 
used to make the sorghum beer with 





Some concessions will be comprised 
of sleeping rooms of different 
materials like this one. While front 
most concession is made of mud and 
clay, the second is made cement and 
the furthest appears to be made from 
bricks. Often times cement slabs are 
found honoring the graves of deceased 











In homes like these seen in Burkina 
Faso, the roofs are made of the same 
material as the walls, connecting in a 
way that prevents entry of mosquitoes 
at the eaves, a common entry point for 








In some concessions multiple 
materials are used, especially for the 
roofs. A combination of wood, thatch 
and straw may be used together to 






Appendix B: General Household Survey  
 
Questionnaire :  
 General Household Risk Factors Survey 
 
 
Part 1 : Baseline information  
1 Cluster Name:  
2 Enrollment ID: |__|__|__|__|__|__| 
3 Household number: |__|__|__|__| 
4 Date of Survey (dd-mm-yyyy) |__|__|-|__|__|-20|__|__| 
5 Name of head of household:  
Part 2 : Household information data 
6 Is the individual the head of the household? (1=yes; 0=no) |__| 
7 
Ethnicity of household members: 
(1=Bobo; 2=Dioula; 3=Mossi; 4=Peulh; 5=Samos; 6=Dafins; 7=Dagaris; 8=Lobire; 9=Birifor; 10=Djan 




(1=thatch, 2=cement/plaster; 3=brick; 4=corrugated metal, 6=other) 






(1=earth; 2=cement/plaster; 3=brick; 4=corrugated metal; 5=mixed; 6=other)   
        *If other, please indicate material used 
|__| 
________________ 
10 Number of sleeping rooms in the household _____ 
11 Number of individuals in the household _____ 
12 Did the concession undergo IRS in past 6 months? (1=yes; 0=no) |__| 
 
 Part 3: ITN data 
13 Does the household have bed nets (1=yes; 0=no)?  |__| 
14      If so, how many? |__| 
15 How old are the nets? ______________ 
16 Have you received new nets in the past few months? (1=yes; 0=no) |__| 
17      If so, how long ago? ______________ 
18 Do you use old nets, new nets, or a combination of new and old? 











Appendix C: Cross-Sectional Household Survey 
 
Questionnaire : 
 Cross-Sectional Household Risk Factors Survey 
 
Part 1 : Baseline information  
1 Cluster Name:   
2 Enrollment ID: |__|__|__|__|__|__| 
3 Household number: |__|__|__|-|__|__|__|__| 
4 Individual Sleeping Room ID: |__|__|__|__|__| 
5 Date of survey (dd-mm-yyyy) |__|__|-|__|__|-20|__|__| 
6 Name of head of household:  
A If Head of Household, continue to Part 2.   
B If not Head of Household but Head of Sleeping Room, continue to Part 3.  
C If neither Head of Household or Sleeping Room, continue to Part 4.   
Partie 2 : Household Information (completed by Head of Household) 
7 
Ethnicity of household members: 
  (1=Bobo; 2=Dioula; 3=Mossi; 4=Peulh; 5=Samos; 6=Dafins; 7=Dagaris; 8=Lobire; 9=Birifor; 10=Djan 
  11=Bwaba; 12=Other) 
|__| 
8 Total number of Sleeping Rooms in the household |__| 
 
 Partie 3: Sleeping Room Information (completed by Head of Sleeping Room) 
9 Number of people in sleeping room: |__|__| 
10 Roof Material 
(1=thatch, 2=cement/plaster; 3=brick; 4=corrugated metal, 6=other) 




11 Wall Material 
(1=earth; 2=cement/plaster; 3=brick; 4=corrugated metal; 5=mixed; 6=other)   
        *If other, please indicate material used 
|__| 
_____________ 
12 Floor Material 
(1=earth; 2=cement/plaster; 3=metal; 4=other) 
         *If other, please indicate material used 
|__| 
_____________ 
13 Does the household have bed nets (1=yes; 0=no)?  
         *If so, how many? 
     a. Are the nets treated with insecticide? (1=yes; 0=no) 
     b. What year did you receive the nets? 
     c. How often do you wash the nets? 







14 Windows present? (1=yes; 0=no) 
     a. Are the windows able to be closed? (1=yes; 0=no) 
     b. Are the windows sealed from the outside? (1=yes; 0=no) 
     c. Do the windows have screens? (1=yes; 0=no) 






15 Does the room have open eaves? (1=yes; 0=no) |__| 
 41 
16 Water Sources: 
     Source of water dry season? (1=stream; 2=well/pump; 3=other, 4=mixed) 
            If other, please specify 
     Source of water rainy season? (1=stream; 2=well/pump; 3=other; 4=mixed) 





17 Where is kitchen located? (1=in/connected to sleeping room; 
                             0=outside/not connected to sleeping room;) |__| 
18 Electricity at night? (1=yes; 2=sometimes; 0=no) 
 |__| 
19 Sleep with fan? (1=yes; 2=sometimes; 0=no) 
 |__| 
20 
Do livestock sleep inside the sleeping room at night? (1=yes; 0=no) |__|  
 
 Part 4: Individual information data (completed by everyone) 
21 Education level of the mother 
(0=unknown; 1=none; 2=some school; 3=high school; 4=some university) |__| 
22 Education level:  
(0=unknown; 1=none; 2=some school; 3=high school; 4=some university) |__| 
23 Occupation:  ____________ 
26 Sleep with socks on? (1=yes, 0=no) 
 |__| 
 
